Introduction
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the same extent as addition of β-glucanase to the diet (Svihus et al., 1997a) . During germination the biological value of the protein also increases because storage amino acids such as glutamine are converted to lysine and other essential amino acids (Singh and Sosulski, 1986) .The effects of lactic acid fermentation and germination of barley on Japanese quail performance have not been reported. Hence, the purpose of the present study was to evaluate the effect of germination, fermentation and enzyme addition on the nutritive value of whole barley for growing Japanese quail and its effect on their growth performance and carcass yield.
Material and methods

Processing procedure
Fermentation. The barley was ground on a hammer mill with a 3.5 mm screen. The resulting flour was mixed with water (30°C) at a ratio of 60% water to 40% barley flour and subsequently fermented in air-tight vessels with a Lactobacillus crispatus strain of broiler gut origin (Taheri et al., 2009 ). The fermentation mixture was inoculated with 1×10 6 colony forming units (CFU) per gram of barley flour and then kept at 30°C. After 36 h, the vessel contents were combined, spread on a heated floor and airdried for 7 days (Skrede et al., 2003) . The fermented, dry barley flour was ground through a 5 mm screen before production of the experimental diets.
Germination. Barley was germinated as described by Carlson and Poulsen (2003) with minor modifications. Briefly, whole barley grain was soaked in pool at a ratio of 60% water to 40% barley at room temperature for 48 h, then it was spread on a heated floor and air-dried for 7 days. The untreated and germinated dry barley grain was ground through a 5 mm screen before production of the experimental diets.
Experiment 1
A reference diet was formulated according to NRC recommendations (1994) to meet the nutrient requirements of growing Japanese quail (Table 1) . For the experimental diets, 400 g of reference diet were exchanged with 400 g · kg -1 of finely ground untreated or processed barley and then mixed. Chromic oxide at 5.0 g · kg -1 of diet was mixed with the diets and used to calculate the dietary AME N value by the difference method. Gross energy efficiency was calculated by expressing AME N value as a proportion of the gross energy.
Male quails (13 weeks old) were used in the study. Each dietary treatment was replicated 6 times with four quails per replication. Four quails were placed in each cage (25 × 21 × 25 cm) and each cage was equipped with an individual feeder, a drinker and a plastic-covered tray for collection of excreta. After feeding the quails the experimental diet for a 7-day adaptation period, they were then fasted for 24 h, after which they were fed their respective reference or experimental diet in mash form ad libitum for 4 days. During that time excreta was collected twice daily at 12 h intervals.
Experiment 2
The experiment was conducted to study different methods of processing barley with or without supplemental NSP-degrading enzymes on quail performance. The birds were randomly assigned to a 3 × 3 factorial design. The factors were three processing methods (untreated, fermentation, germination) and three enzyme levels (0, 0.25 or 0.5 g · kg -1 ). A total of 720 as hatched 7-day-old Japanese quails were allocated to the nine treatments. Each treatment group consisted of 4 replicates of 20 birds of the same body weight (528 g). The birds were obtained from the hatchery of the animal research station of Tehran University. The quails were kept in wire cages (60 × 100 × 50 cm) in a temperature-controlled room. The target room temperature was initially set to 38°C and then gradually decreased during the first 20 d of life to 20°C. Diets and fresh water were offered ad libitum. The lighting schedule was 23L : 1D throughout the experiment. Ingredients and chemical composition of the experimental diet are shown in Table 1 . The basal diet was formulated to meet or exceed the nutrient requirements of growing Japanese quail (NRC, 1994) . The used enzyme (Safizym GP 500, SafAgri/Lesaffre Feed Additives, Milwaukee, USA) contained mainly β-glucanase. According to the manufacturer, the β-glucanase activity was 5600 units · g -1 . During the experimental period, the growth performance of quails was evaluated by recording body weight (BW) and feed intake (FI). Body weight gain (BWG) and feed conversion ratio (FCR, kg feed · kg -1 BWG) were calculated. Quails were weighed by pen at the beginning of the experiment and on a weekly basis thereafter. Water consumption was recorded daily by checking the volume of water left in the drinkers at the end of each day and subtracting this from all water allocated to each drinker in the preceding 24 h period, then water to feed intake ratio (WFR) was calculated. At the end of the experiment, 6 quails (3 males and 3 females) with a BW close to the group average were selected from each of the replicate groups in each treatment, leg banded, then slaughtered by severing the jugular vein, to determine slaughter yield. Carcass yield was calculated as the ratio of empty BW relative to live BW. Thigh quarters were obtained by separating the thigh from the back at the joint between the femur and ilium, and by separating the tibia and shank at the hock joint. The whole breast portion was obtained by cutting through the ribs, thereby separating the breast portion from the back. Part yields refer to the part weight/eviscerated weight ratio.
Measurements and chemical analyses
The dry matter (DM), ash, crude protein, fat, calcium and phosphorus of diets, barley samples and excreta were determined by AOAC (1980) methods. Amino acid analysis was performed using an amino acid analyzer (LKB, UK). Soluble and insoluble NSP and dietary fibre were determined by a modified method based on AOAC (2005; method 991.43) and AACC (2009; method 32-07) . Total and insoluble β-glucans were assayed enzymatically using commercial kits (Megazyme. Ireland). The pH of samples was measured with a portable digital pH meter. Colony forming units of lactic acid bacteria were determined by spreading barley sample on plate agar and incubation at 25°C for 3 days according to NMKL (1997) .
The dried feed and excreta samples were ground and assayed for gross energy using a Gallenkamp Ballistic Bomb Calorimeter (Gallenkamp, Loughborough, UK). The concentration of chromic oxide in the excreta samples was measured using the procedure described by Williams et al. (1962) and energy corrected for nitrogen was calculated (Choct et al., 1995) as follows: AME/g feed = GEfd-{(Cr 2 O 3 fd/ Cr 2 O 3 fc) × GEfc} AME N /g feed = AME/g feed-8.73{Nfd-(Cr 2 O 3 fd/ Cr 2 O 3 fc) × Nfc} where: Cr 2 O 3 fd -chromic oxide/g feed; Cr 2 O 3 fc -chromic oxide/g excreta; GEfd -gross energy/g feed; GEfc -gross energy/g excreta; Nfdnitrogen/g feed; Nfc -nitrogen/g excreta. AME N barley -AME N reference diet -[(AME N reference diet -AME N test diet)/substitution level] .
Statistical analyses
The data from AME N values were analyzed as a completely randomized design and subjected to ANOVA using the GLM procedure of SAS software including the fixed effects of processing (SAS, 2001 ). The data from the feeding experiments were analysed by two-way ANOVA using a general linear model, effects of processing (n = 3), levels of enzyme (n = 3), and their interaction. Significant differences among treatment means were determined at p < 0.05 by Tukey's test (Steel and Torrie, 1980) when significant F values were obtained. Root mean square error (RMSE) for each parameter was calculated as the square root of the residual mean squares.
Results
Effects of processing on barley chemical composition
The chemical compositions of the untreated and processed barley are presented in Table 2 . Fermentation and germination of barley increased the number of CFU of lactic acid bacteria with a simultaneous reduction in the pH values of processed samples. 
Effects of processing and enzyme addition on growth performance in quails
The results from the growth experiment are presented in Table 3 . Fermentation and germination in comparison with the untreated group increased BWG (P < 0.01). Processing of barley had no effect (p > 0.05) on the FI of quails. Fermentation and germination of barley decreased (P < 0.01) the FCR of quail compared with the untreated barley diet. Processing of barley decreased WFR (p < 0.05).
BWG was affected by enzyme supplementation of the diet (P < 0.01), increasing from 210 g to 226 g. The BWG in quail fed diets containing 0.25 or 0.50 g · kg -1 enzyme did not differ (p > 0.05). Enzyme addition reduced the FCR (p < 0.05), but there were no differences among the levels of added enzyme. The water-to-feed intake ratio was also not affected by the level of enzymes in the diet, but the addition of enzymes decreased it. There was no interaction of main effects on BW, BWG, FI or WFR, but Table 3 ; 1,2,3,4,5 see Table 3 the addition of enzymes decreased it. There the effect of enzymes on the FCR of groups fed fermented barley was not significant, while in groups fed untreated and germinated barley, it was significant (interaction treatment x enzyme significant at p < 0.05).
Effects of processing and enzyme addition on carcass parameters
The measured carcass parameters are presented in Table 4 . Processing significantly increased the carcass weight (CW) of male (M) and female (F) quails. The highest CW in both M and F quails was recorded in the group fed the diet containing fermented barley (p < 0.05). Moreover, adding enzymes improved the effect of fermentation on CW (p < 0.05) and the best result was observed with 0.5 g · kg -1 enzymes (p < 0.05). Briefly, processing and enzyme addition increased the breast weight in male and female quails and female thigh weight (p < 0.05). Processing of barley increased the abdominal fat weight in both sexes (p < 0.05), although only in male quails was abdominal fat weight increased (p < 0.05) following enzyme addition. Carcass yield increased by processing barley and adding enzymes, but the effect was more evident in female quails (p < 0.05).
Discussion
The reduced total dietary fibre, NSP, and β-glucan contents after germination of whole barley are in accordance with results obtained earlier (Svihus et al., 1996 (Svihus et al., , 1997a , although the content of insoluble NSP decreased during high-moisture storage in those experiments. The improved performance of quail by feeding germinated barley could be attributed to decreased β-glucan and NSP contents. Reduced viscosity after germination has also been reported before (Svihus et al., 1997a) . Svihus et al. (1997a) found that high-moisture storage reduced the soluble β-glucan content despite inhibition of enzyme activity by heat treatment. Svihus et al. (1997b) reported that germination and enzyme addition increase the nutritional value of whole barley diets to similar extents. The increased AME N after germination is in accordance with results obtained earlier (Svihus et al., 1997b) . The AME N of untreated and germinated barley compared with fermented barley were significantly lower. It seems that germination in comparison with fermentation may be a less effective method for decreasing the anti-nutritive properties of barley soluble fibre for poultry. An increased ratio of insoluble to soluble β-glucans and NSP may be favourable for chicken performance, as the negative effects of β-glucans are mainly associated with the soluble fraction (Skrede et al., 2003) . This was confirmed in the present study, since the ratio of insoluble to soluble β-glucans and NSP during fermentation and germination in comparison with untreated barley increased, and this ratio was higher for fermented barley. This indicates that reduced β-glucan solubility due to fermentation may have contributed to improved quail performance.
The present study showed beneficial effects of feeding fermented and germinated barley on BW, BWG and FCR in quails. The increased BWG and decreased FCR when fermented barley was fed are in agreement with Skrede et al. (2003) . Lowered FCR in quail fed fermented barley points to a beneficial effect of fermentation on nutrient digestibility and energy utilization, as was shown previously in mink and salmon (Skrede et al., 2001 (Skrede et al., , 2002 . In the present study, the amount of abdominal fat increased significantly with feeding fermented barley. Higher fat deposition can increase the energy expenses associated with growth in the finishing period, and may have concealed the effects of fermentation on nutrient digestibility. With processing barley, the WFR significantly decreased. This indicates that water intake was reduced due to the β-glucan-lowering effect of fermentation and germination. As the final body weight increased due to barley processing or enzyme addition, the yield of eviscerated carcass, breast and thigh improved. The effects of fermenting barley on quail performance may be partly due to the β-glucanase activity of the selected Lactobacillus strain. Lactobacilli with β-glucan reducing abilities have previously been reported by Jonsson and Hemmingsson (1991) .
Enzyme addition improves the BWG and FCR of quails. The beneficial effect of the use of exogenous enzymes in the present study was observed only in quails receiving diets containing untreated barley. This shows that processing the barley used in quail diets can improve nutrient digestibility without the need for addition of feed enzymes.
Conclusions
In conclusion, fermentation and germination can be used to improve the performance of growing quail fed diets based on barley without using enzymes, but fermentation has a better effect on performance and reduction of non-starch polysaccharide than untreated and germinated barley.
